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Abstract. Dye-sensitized solar cell (DSSC) of natural dyes from local fruits which consist of the 
carbonyl and hydroxyl groups of anthocyanin molecule influences the performance of photosensitized 
effect due to high interaction on the surface of filler. The study is based on Titanium Dioxide, TiO2; 
U1and U2 (without and with additive respectively), treated TiO2 with ultrasonic; U3 and U4 (without 
and with additive respectively). The additive for electrolyte, KI3 gives effects on the rate of electron 
injection to the oxidized dye sensitizer. Of treated TiO2 with ultrasonic was reduced the particle size 
agglomeration from 0.37 µm down to 0.15 µm. This contributes to a better ‘sponge like’ with high 
porosity in order to absorb more anchorage dye sensitizer. Treated U4 with addition of additive for 
electrolyte gives, Voc=0.74228 V, Isc=0.36 mA, FF=57.0124 gives 0.039% of efficiency.  
 
Introduction 
The issues of sustainable energy source has aroused public awareness significantly for the past few 
decades especially in high demand or developing countries.  As the energy usage keeps on increasing, 
so do the climatic disruption such as Greenhouse effects. One of the promising renewable energy 
which makes used of free source of energy, the sun (3 X 10
24
 J per year), is solar cells. Unlike silicon 
solar cells, an innovative thinking by Gratzel, M. runs the light absorption and charge carrier 
separately [1]. The absorption spectrum of the dye and the interlocking group of the dye to the surface 
of metal oxide are important parameters in determining the efficiency of the cell [2]. The sensitization 
[3] of wide band gap semiconductors using natural pigments is usually ascribed to anthocyanin, found 
in fruits, flowers and leaves of plants which have advantages over chlorophyll as dye solar cell 
sensitizer [4-7]. Meanwhile, for better dye absorption into the thin film, manipulating the physical and 
chemical properties of metal oxide can leads to higher solar cell performance [8, 9]. In this paper, the 
technique of preparing dye solar cell using engineering grade of TiO2 (>99% purity) with undergo 
ultrasonic process and natural dyes extracted from Melastoma Malabathricum as sensitizer (with and 
without additive) are reported. 
 
Experimental 
The extraction process of dye from the plant material was carried out in lab scale quantity was adopted 
from K.E. Lee et al., [10] and Agarwal and K.K.Ghaziabad, [11]. Engineering grade; 99% purity of 
TiO2 was grinded in a mortar and pestle with few drops of surfactant resultant uniform and lump free 
paste namely U1 and U2. The TiO2 mixture was placed uniformly over a slide in a rapid motion. The 
slides were sintered over a hot plate and once the film has cooled, the slide was placed in a Petri dish 
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 filled with sensitizing dye for a few minutes [7]. Meanwhile for the treated metal oxide, U3 and U4, 
the ultrasonic process was carried out using clamp-on tubular reactor (trial frequency at 18.520 kHz). 
The U3 and U4 electrodes preparation method goes the same as U1 and U2 slides. Then, counter 
electrode were prepared using carbon black. The cells were assembled by sandwiching the glass 
together. Then 2-3 drops of an electrolyte is place between the two electrodes for capillary action. The 
sandwiching of the electrodes is offset so that each one has a small exposed portion as shown in Fig. 
1.  
 
 
 
 
 
 
Figure 1. Single cell of assembled dye solar cell. 
 
The surface morphology of the TiO2 thin film was observed using Field Emission Scanning 
Electron Microscope (FESEM), surface profiler and Atomic Force Microscope (AFM). The 
assembled solar cell was tested upon 1 Sun of light illumination using Solar Simulator for I-V 
characteristic to calculate the cell efficiency. 
 
Results and Discussion  
Film Morphology. FESEM images of TiO2 revealed both micro and nanoscale surface morphology. 
Fig. 2(a)(i) and Fig. 2(b)(i) shows an average gross view of TiO2 thin film surface -sponge like, while, 
Figure 2(a)(ii) and Figure 2(b)(ii) displays a clear view of the TiO2 which gives a range between 100 – 
300 nm of particle size.     
 
         
          
Figure 2. Film morphology with magnification of (i) 2000, (ii) 25000, & (iii) 100000 for (a) untreated 
and (b) treated TiO2. 
 
Fig. 2(b) shows denser and smoother structure as compared to Fig. 2(a). Smaller particle size or less 
large particle agglomerates known to contribute a slightly higher in surface area, thus faster reaction 
time, and improved phase purity, creating ‘sponge like’ high porosity structure. Therefore, more dye 
sensitizer will be absorbed to the TiO2 film and enhanced the performance of photovoltaic solar cell. 
The grain boundaries of surface area thin film equivalent to 25 µm2 for untreated and treated TiO2 
with ultrasonic as in Fig. 3 revealed more uniform size distribution, contributed to higher surface area, 
faster reaction time, and improved phase purity. According to Ahmad, M. K. et al., (2010), when the 
grain size becomes larger, electron movement from particles to other particles improves [12]. Fig. 4 
also shows the surface morphology of both films (untreated and treated with ultrasonic) in a 3D form 
(i) (ii) (iii) 
(ii) (iii) (i) 
a – Conductive glass 
b – Carbon black  
c – Iodide layer 
d – Coated TiO2 with dye 
 
(a) 
(b) 
+ 
- 
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 Namely: U1 (without ultrasonic process and no additive) 
  U2 (without ultrasonic process and additive) 
  U3 (ultrasonic process and no additives) 
  U4 (ultrasonic process and additive) 
 
Figure 5. Graph of I-V characteristic of photovoltaic 
solar cell 
by using Atomic Force Microscope, AFM. It is observed that there is large gap in between those 
higher and lower particles for treated TiO2 with ultrasonic coated film that has smaller particle size 
with large surface area to volume ratio and this is where the detrapping and trapping of electrons in 
TiO2 film takes place.  
However, as the porosity of a film gets smaller and deeper, the electron diffusion gets slower 
and simultaneously jeopardize the photovoltaic performance. Hence, the optimum particle size shall 
be examined and should not be reduced indefinitely due to the influences of the TiO2 porosity layer. 
As the particle size decreases, the pores also get smaller. The electrolyte has to be able to penetrate the 
pores and be present where there is absorbed dye. In addition, larger particles scatter light more 
effectively, and this has been found to have a positive effect on the performance of the cell [13].  
  
               
(a)                                             (b) 
           
 
Electrical characteristic. Three parameters (short-circuit current, Isc, open-circuit voltage, Voc, and 
fill factor FF) are usually used to characterize solar cell outputs. Fig. 5 shows the I-V measurement for 
all the prepared samples using the Solar Simulator. It is predicted that both of the photovoltaic solar 
cell that has undergo the ultrasonic process would perform the best.  However, based on the graph 
below, results show that the photovoltaic solar cell with treated TiO2 with ultrasonic process in 
addition of 4-tert-butylpyridine as additive, U4 have the highest current performance while the one 
without additive, U3 have the lowest current. The open circuit voltage, (Voc) for each photovoltaic 
cell presents interesting values from, 0.74228 V for U4, 0.73161 V for U1, 0.69790 V for U2 and the 
lowest 0.33501 V for U3. This voltage order follows their respective efficiency, 0.039 %, 0.033 %, 
0.031 % and 0.015 %.  
                
 
Noted that TiO2 particle size in the range of 0.37-0.15 µm and the new natural dye proposed, extracted 
from Melastoma Malabathricum’s fruit, are used in this research, where the data shows a comparable 
(a)  (b) 
Figure 3. The grain boundaries of 
surface area thin film, 25 µm2 for 
untreated (a), while (b) treated 
TiO2 with ultrasonic. 
 
Figure 4. 3D surface structure of 
TiO2 film in range 25 µm
2 
, for 
untreated (a), while (b) treated 
TiO2 with ultrasonic. 
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 (a) (b) 
value with TiO2 nanocrystals DSSC using blackberry dye as reported [14]. The data recorded 0.196 % 
as highest efficiency and then decreased to 0.018 % efficiency within less than 30 minutes in which 
compared to this research, the efficiency is between 0.039 % to 0.015 %. Due to the grade of the 
particle TiO2 and imperfect sealant (using only clipper to assemble both electrode and counter 
electrode) and the cell being exposed in a period of time under the light beam before the first data been 
recorded. Therefore, in summary the photovoltaic solar cell proposed in this research had achieved an 
acceptable efficiency compared to the standard materials. 
      Outdoor Stability. Preliminary test on the stability of Melastoma Malabathricum’s fruit 
photovoltaic solar cell for four sample (U1, U2, U3 and U4) were carried out upon sunlight 
illumination, at noon (12- 1 pm) and afternoon (3- 4 pm) for several days. Based on the bar chart as 
shown in Fig. 6, it is obvious that there is a typical decreasing pattern of average potential (V) values 
for each photovoltaic cell from day one to day ten. However, the average potential (V) values for U4 
stand in its own class either at noon or afternoon where the values is slightly higher and stable due to 
its characteristic of addition additive. 
 
                
Figure 6. Graph of the average values of Potential (V) at (a) noon (12- 1 pm) and (b) afternoon (3- 4 
pm) upon sunlight illumination for ten days where respective cell; TiO2; U1and U2 (without and with 
additive respectively), treated TiO2 with ultrasonic; U3 and U4 (without and with additive 
respectively). 
Obviously, the performance of photovoltaic solar cell was related to the weather condition and due to 
imperfect sealant. Knowing that Malaysia is a equator country, where sunny and rainy weather 
throughout the year with high humidity and cloudy, the photovoltaic solar cell performance can be 
easily affected- usually little or no direct sunlight. As the sunlight blocked by the clouds or reflects off 
of other objects, it is experienced as diffused light, which causes variation in colors and intensity [15]. 
This makes a calculation of photovoltaic solar cell efficiency slightly different from the theory as both 
cells have different particle sizes with different advantages. Explaining the electrons detrap and trap 
event, under low light intensity, the electrons which trapped deep inside the TiO2 film will take longer 
time to detrap by thermal activation and to reach the ITO glass where else influencing electron 
diffusion and lifetime and it goes vice versa for high light intensity. 
In most research of DSSC, typical sealants being used are Surlyn and glass frit.  However, due 
to its high cost fabrication, a clipper was used to assemble electrode and counter electrode together in 
this research. Noted that the electrolyte KI3 plays an important role in the process of 
photon-convert-electricity in DSSC, therefore, there is a need to be added as the performance of the 
cell decreased. As for intrinsic factor, aforementioned that the air consist of high humidity where 
directly jeopardized the catalyst, dye sensitizer, liquid electrolyte and overall organic solar cell 
performance and this is due to impurities. Impurities also occur during fabrication, either while 
mixing, sintering, or assembling. Theoretically, instead of impurities, defects such as oxygen and 
metal vacancies inside the TiO2 film are always come into picture. 
 
Conclusion 
The performance of photovoltaic solar cell is related to the grade of TiO2 and due to imperfect sealant. 
Therefore, this photovoltaic solar cell facing stability problems caused by KI3 electrolyte, such as the 
leakage and volatilization. The efficiency of the solar cell with treated TiO2 and addition of additive 
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 for electrolyte, KI3 is between 0.039 % to 0.015 %, whilst with high purity of TiO2 nanocrystals gives 
0.196 % decreases to 0.018 % efficiency within less than 30 minutes. Therefore, the ultrasonic 
treatment and addition of additive for electrolyte is reliable to be used for further application. 
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